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ABSTRACT

Background Current microbiology methodologies for the 

detection of selected infectious disease agents are often limited in 

both turn-around time and test performance.  Timely identification of 

bacteria, fungi, viruses, and parasites is of critical importance for 

optimal patient care.  This study describes the usefulness of using 

PCR/ESI-MS in detecting Leptospira spp.

Materials and Methods  PCR/ESI-MS with 8 broad-range PCR 

primer pairs performed on the Ibis T5000 biosensor platform was 

used to detect and identify Leptospira spp. from culture isolates and 

in clinical specimens. Following PCR, the amplicons were analyzed 

by electrospray time of flight mass spectrometer and the amplicon

masses determined.  From the mass of the amplicons, the number of 

A’s, G’s, C’s and T’s was determined (Basecount), which served as a 

signature to determine which organism(s) were present in the 

sample. 

Results A panel of sixteen Leptospira control strains and one 

negative was blindly submitted for PCR/ESI-MS and examined using 

a panel of broad-range spirochete and bacterial 16S and 23S 

targeting primers and the PCR/ESI-MS signatures determined.  The 

PCR/ESI-MS assay identified Leptospira in all cultures and could 

distinguish between nonpathogenic and pathogenic bacteria.  The 

assay was used on a blinded panel (n=51) of well-characterized 

acute and convalescent sera from 42 patients that had already been 

assessed using a real-time PCR developmental methodology.  The 

PCR/ESI-MS was able to confirm 6 of 8 specimens (1 neg, 1 

unknown organism) repeatedly positive by rti-PCR. It ruled out 

Leptospira in one case that had a high ct and ambiguous serology, 

and provided an unidentifiable detection on the last, which merits 

further study.

Conclusions We analyzed a diverse panel of Leptospira control 

serotypes used for microagglutination test (MAT) serotyping and 

determined base composition signatures. These signatures were 

then successfully used in assessing a panel of sera from patients 

that had evidence of leptospiral infection. PCR/ESI-MS performed as 

well as the developmental rti-PCR assay for detection, and because 

it also provides signature information for identification, it provides 

additional confidence for detections with a high cycle (ct) threshold.  

Molecular characterization also provides insight into ambiguous 

serological results such as borderline positive IgM’s. [Modified 11/19/09]

DISCUSSION AND CONCLUSIONS

Discussion Both direct and indirect methods are used to support a diagnosis of leptospirosis.   Visualization 

by dark-field microscopy is the least sensitive (i.e. 106 bacteria/ml). and is most useful when used in the 

acute phase (i.e. first 1-3 days) of leptospiremia.  Specificity is also a concern due to artifacts. Both 

radioimmunoassy (RIA) and EIA are more sensitive at detecting 104 to 105 leptospires/ml. Specimen type 

(e.g blood, CSF and urine) and time of collection are both critical to the success of detection. Culture is the 

gold standard, but may require 2-8 weeks for detection. 

Indirect methods such as serology are useful at 5-7 days after the onset of symptoms.  Currently, MAT is 

the reference method. However, MAT is complex, difficult to perform, control and interpret.  Live cultures 

from all serovars are required for antigens and it is more biohazardous to perform for the laboratory staff.  A 

high degree of cross-reactivity can also occur between serogroups during the acute phase.  MAT is 

insensitive in fulminant and early acute phase leptospirosis. Therefore, delayed seroconversion and 

subsequent lack of detection poses a risk for the patient.   

The molecular methods, rti-PCR and PCR/ESI-MS, both show a much enhanced test performance over 

other methods. They are specific and broad in serogroup detection. PCR/ESI-MS can identify pathogenic 

strains of leptospirosis interrogans and even newly discovered or emerging Leptosira spp. In addition, 

PCR/ESI-MS is amenable to quantification. 

Conclusions 1) PCR/ESI-MS provides a rapid and reproducible molecular identification method with a 

high sensitivity and specificity for pathogenic serovar detection directly from human sera.  2) PCR/ESI-MS 

on the Ibis T5000 potentially offers a rapid detection for pathogenic serovars during the early acute phase 

before seroconversion.  3) PCR/ESI-MS is also capable of detecting new and emerging Leptosira spp. 

4) Further studies should be performed using whole blood instead of serum to optimize sensitivity.
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Specimens and Controls
Leptospira control strains (n=16) were obtained from either the US 

Centers for Disease Control & Prevention or the Netherland Royal 

Tropical Institute,  grown in culture,  and used in the study. Specimens 

(n=8) consisted of retrospective, frozen (-70C) sera collected from 

patients with clinical and/or exposure suspicion for leptospirosis. 

Specimen Processing and Nucleic Acid Extraction
Nucleic acid was extracted from either whole bacteria or serum using the 

MagNA Pure Compact RNA Isolation Kit – High Performance (Roche 

Applied Science). Purified nucleic acid was eluted in 50 uL of Elution 

Buffer and tested immediately or frozen at –70C until testing.

Rti-PCR and PCR/ESI-MS
Rti-PCR  consisted of two primer sets in a typical real-time PCR reaction 

mix followed by  amplification/detection using an ABI-5700 instrument. 

The real-time PCR target was the 16S rRNA gene of Leptospira spp. 

(Smythe, et.al. 2002), which was shown to detect ten (10) Leptospira 

spp. serovars. The PCR/ESI-MS process is described in the 

accompanying figures.1-2.
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